Mothers and their fetuses are hereditarily unlike. Surprisingly, no less than 50% human pregnancies reach full term despite the tendency of the immune system to eliminate of non-self units. Reduction of adaptive maternal immune answer, which is planned to reject strange factors, is essential for a pregnancy to reach full term. However, approximately 5% couples trying to conceive experience 2 recurrent miscarriages (RMs).
Brief Overview on Miscarriage
Miscarriage is the accepted formal name for early pregnancy loss before fetal viability. The term sporadic abortion (SAB) is used to describe pregnancy loss before 20 weeks of gestation. Recurrent miscarriage (RM) refers to ≥3 consecutive SABs . Incidence of SAB is estimated to be 15% of all conceptions and varies significantly according to age . Compared with SAB, the prevalence of RM is considerably low and varies between 0.8% and 3% (Larsen et al., 2013) . RM may occur because of various reasons; however, not all of these reasons have been identified. RM is directly associated with parental chromosomal anomalies (approximately 4%), maternal thrombophilic disorders (40%), and structural uterine anomalies (19.3%) and is indirectly associated with maternal immune dysfunction (3%-5%) and endocrine abnormalities (17%-20%). However, at least 50% cases of RM do not show variations in any practical diagnostic test and are thinked idiopathic or unexplained cause ). Most cases of unexplained RM are considered to be caused by immunological rejection of the embryo by the immune system of the mother (Matter & Sharif, 2013) .
Risk of miscarriage is the most common complication of early pregnancy in humans. Therefore, women who experience 2 consecutive pregnancy losses without previous live births should be examined thoroughly . Identifying the cause of miscarriage may help prevent it from happening again during future pregnancies. In recent years, advancements in the field of immunogenetic analysis and improved perception of implantation have provided new approaches into the origin of RM and have opened new possibilities for research on its prevention and also treatment.
HLA-G Gene
HLA-G is a high-density 3.6-Mb gene area situated in the 6p21.3 chromosome region, which includes over than 200 genes . HLA-G encodes non-classical class Ib HLA particle and is placed between HLA-A and HLA-F ( Figure 1A ). HLA-G is a non-classical molecule since it varies from classical HLA class I molecules with respect to its genetic variety, structure, expression, and functions. Some remarkable differences between HLA class IA molecules and HLA-G are as follows: 1) HLA Ia molecules are extremely polymorphic, with many alleles, while HLA-G has few variants. (Hunt, Petroff et al. 2005) 2) HLA class Ia molecules are expressed on nearly every nucleated cells, whereas HLA-G is expressed in the tissue-or organ-specific or conditional manner (Hunt & Langat, 2009 ).
3) HLA-G is involved in immune modulation and not in antigen presentation, on the opposite to the classical HLA class Ia molecules (Veit et al., 2012) .
4)
HLA-G has a unique promoter region, which is not observed in other HLA-encoding genes.
HLA-G contains seven introns and eight exons, which code the heavy chain of the molecule. Exon one encodes a peptide signal while exons two, three, and four encode extracellular α1, α2, and α3 domains, correspondingly. Exons five and seven encode the transmembrane and cytoplasmic domains, respectively, of the heavy chain. Exon seven is at all times absent in the mature mRNA because of a stop codon in exon six. Exon eight does not undergo translation ( Figure 1 ) (Foroni et al., 2014) . HLA-G gene promoter exhibiting regulatory elements to regulate HLA-G gene transcription and 3'-UTR of the HLA-G gene exhibiting several regulatory elements including AU-rich motifs and a Poly-A signal to influence mRNA stability, turnover, mobility and splicing pattern. CRE stands for cAMP responsive element, RRES for ras response elements, ISRE for interferon-sensitive response element, HSE for heat shock response element, PRE for progesterone response element, and X1 for X1 box.D. HLA-G primary transcript can be spliced into 7 alternative mRNAs ranging from HLA-G1 to -G7.
HLA-G Transcript
The promoter elements of classical HLA-encoding genes are placed within 220-bp upstream of the start codon, ATG. In contrast, the promoter parts of HLA-G are set in an area that covers ~1.5-kb upstream from its ATG codon (Veit et al., 2010) . Many usual HLA promoter elements are deleted or modified in the HLA-G promoter state, thus making HLA-G indifferent to classical HLA stimulators such asIRF1, CIITA, and NF-κB. Another remarkable feature of the promoter is its high variability (Veit et al., 2012) . The 3′ UTR of HLA-G transcript contains a number of regulatory aspects, as well as AU-rich motifs and a poly-A signal to control its mobility, stability, turnover, and pattern of splicing (Lynge et al., 2014) . In silico analysis of this section has identified several supposed microRNA-binding sites that may control HLA-G expression depending on the haplotype or biological background .
The construction of HLA-G is homologous to that of genes encoding HLA class IA molecules. However, the primary HLA-G transcript be capable of be spliced into seven alternative mRNAs (Figure 1-D) . HLA-G1 is a full-length molecule, HLA-G2 not has exon three, HLA-G3 not has exons three and four, and HLA-G4 not has exon four. HLA-G1 to HLA-G4 contains the transmembrane and cytoplasmic domains that encoded by exons 5 and 6, respectively so they are membrane-bound molecules. HLA-G5 is like to HLA-G1 but contains intron four, HLA-G6 lacks exon three but contains intron four, and HLA-G7 lacks exon three , however contains intron two. HLA-G5 and HLA-G6 are soluble proteins because theycontain intron four which contains a premature stops codon that prevents the translation of the transmembrane and cytoplasmic domains.
Under normal conditions, most cells and tissues show a basal rank of HLA-G transcription. However, translation of the HLA-G transcript occurs only in trophoblasts at the fetal-maternal interface and in cornea, thymic epithelial cells, nail matrix, pancreatic cells, mesenchymal stem cells, erythroid and endothelial precursors in adults (Amodio & Gregori, 2012) .
HLA-G Proteins
HLA-G has 7 isoforms created by alternative splicing of the primary transcript. Of these, 4 isoforms (HLA-G1 to G4) are membrane bound and 3 isoforms (HLA-G5 to G7) are soluble. A full-length molecule, HLA-G1, is the lone isoform to be expressed on the cell surface. Membrane-bound HLA-G isoforms and soluble perform comparable functions (Amodio & Gregori, 2012; Klitkou et al., 2015) .
HLA-G has 2 single cysteine residues in position 42 of the α1 domain and position 147 of the α2 domain. HLA-G uses these cysteines to undergo dimerization by forming intramolecular disulfide bonds Campbell et al., 2012) . These residues allow HLA-G to form a number of atypical forms in addition to the usual heterotrimer. HLA-G associates with B2M, which binds to all classical HLA class I molecules, to form a disulfide-linked B2M-associated dimer. Apps et al. (Apps et al., 2007) . Showed that noteworthy levels of B2M-associated HLA-G dimmers were expressed on the surface of normal first trimester trophoblasts. Only HLA-G1 and HLA-G5 associate with B2M through their light chain, whereas the other 3 isoforms (HLA-G2, G3, and G4) do not.
Expression
HLA-G is the major HLA molecule expressed at the fetal-maternal interface by fetal tissues (Matter & Sharif, 2013) . As stated, HLA-G expression is generally controlled at the transcriptional stage by its unique promoter element and at the post-transcriptional stage by alternative splicing, mRNA stability, translation, and protein transport to the cell surface (Moreau et al., 2009) . Several immune modifiers alter HLA-G expression, such as anti-inflammatory cytokines, transforming growth factor-β, and granulocyte colony-stimulating factor. As well as cytokines, some hormones such as glucocorticoids and progesterone boost the secretion of both HLA-G5 and HLA-G6 by trophoblasts (Amodio & Gregori, 2012) .
HLA-G Regulation and Polymorphism
Studies performed thus far point out that the level of soluble HLA-G in plasma is related to HLA-G polymorphism (Hviid, 2006) . Thus far, upon on 72 single nucleotide polymorphisms detected in exon one and intron six, 44 HLA-G alleles have been identified. Nucleotide variation in the coding region of HLA-G is equally allocated across exons two, three, and four and in introns . On the contrary to the coding region, the promoter and 3′ UTR of HLA-G show a high degree of variability and genetic polymorphism. In addition, nearly all polymorphisms in HLA-G do not change the amino acid sequence of the corresponding protein. However, only some of these polymorphisms are expected to alter the secondary structure of the heavy chain. One of these polymorphisms is the insertion or deletion of a 14-bp nucleotide (5′-ATTTGTTCATGCCT-3′) in the 3′ UTR of the gene (Martelli-Palomino et al., 2013) . Polymorphic location in the 3′ UTR are posed in www.ccsenet.org/gjhs Global Journal of Health Science Vol. 8, No. 12; numerous haplotypes; therefore, their effect seems to occur simultaneously (Castelli et al., 2010) .
Serum HLA-G levels are associated with a risk of RM. Recent studies indicate that insertion of this 14-bp fragment is associated with reduced levels of HLA-G mRNA (Torres et al., 2009; Enghelabifar et al., 2014) , which in turn decreases the level of HLA-G produced. Several studies have examined the correlation of this 14-bp INDEL polymorphism with the risk of RM. However, these studies have provided controversial results (Fan et al., 2014) . Several studies have reported more homozygotes for the 14-bp INS sequence among RM women than normal fertile women. However, this correlation has not been reported in some studies (Hviid et al., 2002; Yan et al., 2006) . Other studies have observed an increased number of heterozygous (Tripathi et al., 2004; Xue et al., 2007; Afkhami et al., 2014) . However, some other studies have reported no correlation (Sipak-Szmigiel et al., 2008) . These varied results are perhaps because of the differences in the allocation of the polymorphism in different ethnic groups and potential linkage disequilibrium with other HLA variation. In different populations, the polymorphic sites in the 3′ UTR are organized into several haplotypes, with each of them being associated with group or a single of promoter region and coding polymorphisms, thus form extended HLA-G haplotypes that result in altered expression of HLA-G mRNA and thus protein isoforms (Kolte et al., 2010) . The14-bp INDELpolymorphism is suggested to perform the following functions:
1) Transcripts containing the 14-bp fragment may undergo an additional splicing step in which this sequence may act as a cryptic branch point and result in the alternative splicing of HLA-G mRNA to remove 92 bases from this region (Haddad et al. 2011) . Deletion of this sequence may affect mRNA stability. However,the ratio of -92-and +92-bp transcripts may vary based on the existence of the 14-bp fragment in the primary transcript and existence of other polymorphisms that are in linkage disequilibrium with this 14-bp fragment .
2) The mRNA stability may also be affected by AU-rich elements in the 3′ UTR. This AU-rich element contains ≥1 copies of AUUUA pentamer and assist in mRNA degradation. Because the initial pentameric AUUUG sequence of the 14-bp fragment has an AU pentamer-like effect, it may be engaged in the deadenylation and decay of HLA-G mRNA (Martelli-Palomino et al., 2013) . However, it is unclear whether the 14-bp INDEL polymorphism directly results in the observed differences in the expression of HLA-G mRNA or whether a polymorphism in the HLA-G 5′ untranslated regulatory region is in linkage disequilibrium with the 14-bp polymorphism.
3) Few haplotypes such as G*01013 (+14 bp) and G*0105N (+14 bp) are known as low secretor haplotypes. High-secretor HLA-G haplotypes such as G*01041 (-14 bp) are related with high plasma levels of soluble HLA-G. The dominant effect of low secretor haplotypes (+14 bp) on high secretor haplotypes (-14 bp) in the heterozygote reduces the amount of soluble HLA-G produced (Tripathi et al., 2004) . However, advanced studies are needed to clarify the precise biological mechanism underlying the principal effect of low secretor haplotypes on high secretor haplotypes.(4) Interestingly, the 14-bp polymorphism lies in a region that is a supposed binding site for many microRNAs, and microRNA binding is also postulated to control HLA-G expression (Veit & Chies, 2009) . Results of basic studies indicate that the 14-bp fragment, which remains in an open configuration after mRNA folding, is a target of specific microRNAs. In silico structural studies on HLA-G mRNA and promoter region suggest that modifications in the secondary structure of HLA-G mRNA may influence its stability and accessibility to microRNAs (Wang et al., 2012) . Nevertheless, assessment of the net effect of microRNAs on HLA-G expression is difficult because microRNA profiles vary substantially among different tissues and biological states (Veit et al., 2012) . In addition, several recent studies have suggested that aberrant or reduced HLA-G expression is related with complications during pregnancy.
HLA-G in Pregnancy
HLA-G expression was first described in the extravillous trophoblasts (EVTs) of the placenta (Hunt & Langat, 2009) . Therefore, initial studies on this molecule investigated its role as a major determinant of allograft rejection and immune tolerance during pregnancy (Mallia et al., 2012) .
For successful implantation and safety against maternal immune cells, embryos express high levels of solvable HLA-G (Picard et al., 2013) . Studies have proved that during normal pregnancy, primary villous trophoblasts are HLA null, while EVTs express HLA-C, HLA-E, and HLA-G but not HLA-A, HLA-B, and HLA-DR (Apps et al., 2011) . Another study on HLA-G and embryo implantation or miscarriage characterized HLA-G expression in preimplantation embryos and human embryonic stem cells (Verloes et al., 2011) .
Soluble HLA-G secreted by uterine lymphocytes in the decidual tissues and trophoblasts plays a key role in increasing the immunotolerance of blastocyst (Rico-Rosillo & Vega-Robledo, 2012) . Various recent studies have focused on the possible role of HLA-G polymorphism in maternal tolerance to the developing fetus. Some studies have shown that maternal serum level of soluble HLA-G is low (Zhao et al., 2009) . During pregnancy failure and that a relationship exists between low level of soluble HLA-G and the 14-bp polymorphism (Tripathi et al., 2004) .
Immune Mechanism of HLA-G
Restricted HLA-G expression is considered to offer immunoprotection to the semi-allogeneic embryo, and had suppressive effects on CD4+and CD8+T cells, B lymphocytes and antigen presenting cells such as macrophages and dendritic cells, and particularly from decidual NK (dNK) cells, which during early pregnancy, are the main lymphocytes at the fetal-maternal interface (Fan et al., 2014) . Majority of dNK cells are CD56+NK cells that are dissimilar from peripheral blood NK cells (Apps et al., 2011) . In general, regulatory cells including subpopulations of presenting cells (APC), CD8 T cells, and CD4 T, by interacting with HLA-G modulate immune responses and promote immune tolerance . HLA-G exerts immunoin hibitory effect by binding to inhibitory receptors such as ILT2, ILT4, and KIR2DL4 (Shankarkumar et al., 2011) .
HLA-G
ILT2 and ILT4 receptors are expressed on subclass of T, B, and NK cells and on monocytes, macrophages and dendritic cells however KIR2DL4 extraordinarily expressed on decidual NK cells, suggesting a delicate role in pregnancy (Strauss-Albee et al., 2014).
Activity of NK cells is controled by signals from activating and inhibitory receptors (Rebmann et al., 2014) . Inhibitory receptors have a higher affinity toward HLA-G than other HLA class I molecules because of the much more avidity of disulfide dimers and trimers of HLA-G. Additionally, HLA-G may exert long-time immunotolerogenic results through the generation of suppressor T cells (Agaugue et al., 2011) . Or intercellular uptake of HLA-G containing membrane patches (called trogocytosis) (Veit et al., 2012) .
Conclusion
Successful pregnancy can be reached merely through a balanced dialog between mother and their fetus mediated by the placenta. Most genes associated with RM are involved in developing immunotolerance. A better understanding of HLA-G and its proteins will provide new insights into the features of immunity and tolerance during pregnancy.
